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This unit is the first in a series of rine units discussing the operation,
description, troubleshooting and maintenance of transmissions. The
scope of this unit will cover the standard, manually operated type of
transmission and its pﬁrpose, construction and variations in design.

_ SECTION A -- PURPOSE OF TRANSMISSIONS

PURPOSE -- The transmission, or gear changer, provides a means of
varying the gear ratio between the engine and the rear wheels of a
vehicle. Through the transmission, an engine crankshaft may be made
to turn approximately four, eight, twelve, or sixteen times for each
wheel revolution. In many vehicles, where very slow speeds and a great
quantity of torque is required, the ratio is much greater. Also there are
reverse gears which permit backing the vehicle.

LOCATION -- As we learned in the previous unit, the transmission is
located to the rear »f the engine, between the clutch and the drive line

assembly.

.SECTION B -- RATIGDIFFERENCE

GEAR RATIOS AND TYPES OF GEARS -- What is a gear? A gear is a
wheel with projections on it, called teeth. These teeth may be on the
edge, on the side, or halfway between. A gear usually is fastened to a
shaft. Sometimes it turns and applies a twisting force to the shaft, and
sometimes the shaft turns the gear with.it. -

The simplest type of gear is the SPUR gear; see Figure 1. It has its
teeth cut straight across the edge. For years it was almost'universally
used, but recently other {ypes have become more common in the trans-
poriation field. '
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Fig. 1 Spur gears. Fig. 2 Helical gears. Fig. 3 Herringbone
gears.

Another type is the HELICAL gear; see Figure 2. It is the same as the

spur gear, except that its teeth are cut at an angle. The teeth of the gear

it meshes with must of course be cut at the same angle. It usually is
quieter than the ordinary spur gear, and for that reason is preferred for
many uses. For the same reason, HERRINGBONE gears are used.
These are like two helical gears fastened together tightly side by side,
see Figure 3. Both of these gears provide greater tooth contact area,
which reduces the psi load. Or conversely, both can handle larger loads
for a given gear width.

When our power must turn a corner, we ordinarily use a BEVEL gear;
see Figure 4. The teeth of this gear are not cut on the edge. They are
cut, we might say, across the corner. The most commonly used bevel
gear is the SPIRAL BEVEL GEAR, such as used in automobile and truck
differentials; see Figure 5. The spiral bevel gear is somewhat like a

Fig. 4 Spur bevel gears. Fig. 5 Spiral bevel
. gears.

1

#

A e Q) " M
J‘ k\ . e i't o, Vet
r 1 i
XaF o N s, B

AR YA .:d?x:t»wmhﬂwvtm,ﬂmummwr"’ tows

) - a
DIy A IR 4 \,.ta@‘vu‘!%"hw&“-"n(x»‘ug;,“‘nuuauum .
g - 5 >3 3 v
. . N . PN L

PRI SN

AN S titinies
L

b irion

.

.

FAELLOWY

A\

e Ay

M%&\ﬂ&\“ﬁk\ _& \-‘af&h(-&\ "63‘!”"&" m‘ TS A A A
Al O e, CLhy .

»

BB AL AT ST S A A A AN S

»

i

G



ond ",

PP R e

»

AM 2-2

4
}G.'ﬁ&mrq M RYETEE o
)

ﬁ

)
Y

a helical gear, except that the teeth, in addition to being set at an angle,
also are curved.
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We will leave out most of the technical terms, but there is one that should
be explained. PITCH DIAMETER is the diameter of the pitch circle; see
Figure 6. The pitch circle is an imaginary line rurning through the gear
teeth at a point usually a little outside the half-way point of the teeth.
Hereafter, when we speak of the gear size; we will mean the Dpitch
diameter, as that is what really determines its speed and other character-
istics.

o
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There is still another way of classifying gears; They can be external or
internal. To most people the word "gear" will always bring to mind a
picture of an external gear, and they will be correct a great percent of the
time. But internal gears do play an important part in some mecharisms,
as we will see later. An internal gear is simply a ring with teeth cut on
the inside instead of the outside. Transmission planetary gears are a
good example of internal gears, and will be discussed in more detail; see
Figure 7.
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A gear has been compared with a spinning lever. It can increase or de-
crease torque in exactly the same way a lever increases or decreases
force. An important thing to remember is that if we have a small gear
fastened onto a shaft driving a bigger gear on another shaft, the torque on -
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Fig. 7 Internal gear.
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the second shaft will be increased. In other words, the second shaft will
have more twisting force than the first shaft has.

If we have an engine driving the small gear, our system now will be able tc
turn something - a machine of some sort - that the engine could not turn
when they were connectzad directly together.

The amount of torque increase depends cn ihe relative size of the gears.

If the diameter (pitch diameter) of the second gear is twice the diameter of
the first gear, the torque will be doubled. If the second gear is three
times as big, the torque will be three times as much, eic. But if the
driving gear is twice as big as the driven gear, the output torque will be
cut down to 1/2 (one-half) the input torque. With a given gear system,
torque also is proportional to the relative numbers of teeth on the drive
and driven gears.

In all we have discussed thus far we must remember one thing: We are
not discoverers of perpetual motion nor can we claim that we get more
power out of the engine because we have added some gears to the system.
We are still dealing with levers, and they still follow the same rules.
With levers we say that, "whatever we_gain in force we lose in distance'.
When talking about gears and shafts we say "whatever we gain in torque
we lose in speed'’. The two statements are noct exactly the same, but we
can think of them that way for the moment.

The-best Wéy to show this is to count the number of teeth on two gears, see

Figure 8. The teeth must be the same size in order to fit together properly.

Therefore, if the diameter of one gear is twice the diameter of the other,
the big one must have twice as many teeth as the small one. Let us say
24 and 12 teeth respectively; see Figure 8 {a). As the small one, the
driving gear, goes half-way around, its six teeth have meshed with six
teeth of the larger gear; see Figure 8 (b). Notice that the large gear has
made only a quarter-turn.

1 ]
BRI e W Miome IR, e 3 G IR
NI A - ) “ . T
}

R RS - C RO 1« 4, e .
! b o “

oo

IRAFREIEN i, Lsne SR vl B
et
. v !
: N
XA S A K54 A A0 Al A St s i st S

N e

Ry 55k

“
.*', N A .

. 9
e A SRR TR il b Fored

ARG

L
At sty

b -

{

-
A R e SR e cuebt St

[ -
I ORI RN

M onating RAETRI

¥ o3



- d

Err - enes yuwn: - L A - Y
i ™ TR A N e - i . 3 = - -

I N e Pttt ;t*j!i— ™ "!‘z ':1*::’:27?{‘!@;:&1{45:;&,.% FREIFTIRI TR SR, g AR Y Pt s S T LI VR At N =

_ As the small gear makes
i one revolution, the large
4 gear only turns halfway;
H see Figure 8 (c). For the 127eem

E L 12 B s e MR ol

g st B
L VI T
t . ~

AM 2-2

)
k.

Fig. 8 Exp anatlon cf torque and speed

by G ARAAAAIATNS L Lo AE 38,

.-;:"
-3
X
3
Esy -

large gear to turn once, 26 TEETH
the small gear has to (a)

make two revolutions;
see Figure 8 (d). So
for every two revolu-
tions of the small
driving gear the large

driven gear revolves
only once. And for

;o every 1000 revolutions
of the small gear ihie large one has made only 500 revolutions. Therefore,

if an engine driving the small gear is running ata speed of 1000 revolutions
per minute (rpm) the machine driven by the large gear is turning at a
speed of only 500 rpm. We have doubled the torque furnished by the
engine. We have increased the twist on the second shaft so that now it

can turn the machine when perhaps it could not do this previously.

We have just attempted to explain, to some degree, gear ratio: the amount
of change in torque and speed. If the driving gear has 10 teeth and the
driven gear has 30 teeth, it will take three revolutions for the first gear
to get the second gear all the way around, through one revolution. Thus
the speed of the driven gear will be one -third of the driving gear, and we
know that the torque will be multiplied by three. We would say that the
gear ratio is 30/10 or 3 to 1. This applies equally as well if we have an
odd combination of numbers, such as 39 to 19, only it is not so easy to do
the mathematics. The gear ratio would be 39/19 or a little over 2 to 1,
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The gear with the greater number of teeth will always run more slowly

and will deliver more (greater) torque.
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The pyrpese of gears in some mechanisms is to act as speed reducers.

In ather cases, we need more torque and less speed, and we thus gain
two ways. Somsetimes we may want to increase the speed, but do not need
as much torque as.the engine is capable of delivering.

We may have a machine that needs to run at 2000 rpm, and an engine
running at 1000 rpm. In this case, we use a gear ratio of 2 to 1, but we
have to put the large gear on the engine shaft and the small one on the
machine shaft. The torque will be cut in half. But, if the engine has
enough power to drive the machine under those conditions, the machine
will run at required speed of 2000 rpm. If we need more torque and more
speed, there is nothing we can do, except to get more power from the

PR, SN, 4 £ d
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engine.

What we have been saying is really the same thing as is expressed by the
formula found in text books: that power equals torque times speed. The
gears cannot change the pewer; that stays the same. Therefore, if the
torque increases, the speed must decrease; if the speed goes up, the
torque must go aown.

In some mechanisms we have more than two gears between the input and
the output. A clock or watch is a good example. Suppose we look at
some multiple gear arrangements; see Figure 9. We will go back to our
same two gears with 12 and 24 teeth, and add another pair of gears to the
system. They are just like the first two, 12 and 24 teeth respectively,
and a small gear (C) is fastened to the same shaft as the large gear (B).
Now let us follow the power flow path through this gear train. The engine
is connected to the top shaft and is still running at 1000 rpm. We already
know what happens to the first two gears. The speed is cut in half and the
torque is doubied. So our second shaft is turning only 500 rpm, which
means that gear (C) is turning at that same speed.
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Fig. 9 Multiple gear arrangement. Fig. 10 Typical gear arrangement.

Now we can forget about the first two gears and consider only gears (C)
and (D). We know what happens there too, because they are just the same
gears, with a ratio of 2 to 1. Our speed will be reduced by one-half again,
and the torque doubled once more. So our last shaft, which is driving a
machine, is turning at only 250 rpm, but it is applying to the machine a
torque or twist four times as much as that delivered by the engine. The
overall ratio of the whole system is 4 to 1. '

In a simple case such as the one just explained, we can get the same
effect by using only two gears of the proper ratio. Sometimes, however,
there is too great a difference for this arrangement to be .efficient, and
sometimes it is a matter of convenience or space saving. In actual
practice, we ordinarily would not arrange the gears as we have in the ex-
ample just explained. We would save space by moving the third shaft up
above the second; see Figure 10. The result would be exactly the same,
and we would have the added advantage that the first and third shafts would
be directly in line. What we really have here now is a simplified arrange-
ment of a conventional automobile transmission. The third shaft would
extend back to the rear axle to drive the wheels. '

There is another feature in using four gears here instead of two, which is
sometimes an advantage. This brings up something that has not been
mentioned, which has to do with direction of rotation. Looking at a pair
of gears, it is easy to see that if one shaft rotates in one direction, the

1.
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other must rotate in the other direction. If one runs clockwise, the other

must go counterclockwise. Gears sometimes are used in order to re-
verse the direction of rotation and for no other reascn.

If we want the output shaft to run in the same direction as the input shaft,
we must use at least three gears. Or, we can use a combination of gears
such as we have been discussing. To find out which way the final shaft
turns in any complicated system of gearing, one of the best procedures

is to go through the whole system and figure out which way each gear turns.
And do not forget the exception to the above: when an ordinary external
gear is driving an internal gear, both shafts will turn in the same direction.

The purpose and location of the transmission have been mentioned before--
to let us vary the speed and torque of the rear axle in relation to the speed
and torque of the engine. Next, we will discuss the simple three speed
conventional transmission. FIRST SPEED, or low gear (see Figure 11) is
used for starting and for steep hills or heavy going in sand, mud, etc. It
lets the engine run fast while the vehicle runs slow. The engine runs at

2 1/2 to 3 times as fast as the drive shaft. The exact figure varies in
different vehicles. In short, the torque of the drive shaft is increased as
the speed is reduced. Thus we have a lot of twist (torque) on the rear
wheels to get the vehicle started from a stand-still.

This is accomplished with four gears and three shafts. A small gear on
the shaft from the clutch drives a larger gear fastened to the transmission
countershaft. Another smaller gear fastened on the countershaft drives a
large gear on the third shaft. The last (third) shaft goes to the drive shaft.

In the arrangement just described there is a certain speed reduction in the
first two gears, and there is more reduction in the second set of gears‘.
The countershaft is running at a speed in between the speeds of the other
two shafts. The third (output) shaft is running slower {most slowly) than
the other two, but with the mqst torque.
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Fig. 11 First or low gear. Fig. 12 Second or intermediate gear.

SECOND, or intermediate gear (see Figure 12) works in about the same
way. The first two gears are the same as we used in low gear. The
next pair are different. They are almost the same size, and sometimes
the countershaft gear may be the larger. Thus the countershaft runs at
’ . the same speed as before, but there is little if any additional reduction

from that to the third shaft. So, the wheels will run faster for the same

engme speed than they did in low gear. A typical ratio in second gear is

around 1 2/ 3 to 1. This means that the drive shaft will run at 1000 rpm
‘when the engine is runn mg at 1670 rpm. :

ey ey T IRy

THIRD, or high gear, is direct drive (see Figure 13). The tran§mission
does not do anything. We simply connect the first (input) shaft with the
(output) third shaft, and they turn together, as one. The drive (propeller)
“shaft turns the same speed as the engine, and dehvers engme torque

In this case the ratio would be 1 to 1. o

bawene?  livoaoy 020 Cowess? 0 DU wmmmwy pevey

Besides the three forward speeds, there are two other COﬁibinatiénS"ﬁre

can get in the transmission. There is NEUTRAL, in which the transmission
; shaft is disconnected from the clutch shaft, and the erigine canrot drive the

| B propeller shaft or anything beyond the transmission. The neutral position
has about the same effect as disengaging the clutch.
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Fig. 13 Third, or high gear. Fig‘. 14 Reverse gear.

Then, there is REVERSE. It is a complicated matter to make an in-
ternal combustion engine run backwards, so in most cases it is run in
one direction all the time and gears are used to reverse the direction of
the propeller shaft; see Figure 14. An extra gear is put in between the

. countershaft and the final drive shaft. It is called a reverse 1dler The
countershaft is driven the same way as before, it dr1ves the reverse 1d1er,
which in turn drives a low speed gear on the fmal (propeller) dr1ve shaft.
The system is just like low gear that was descrlbed before except for the
extra gear. The extra gear changes the d1rect10n of rotatlon, and 1t 1s
easy to see that the final drive shaft is turmng opposﬁe to what it was in
all the previous cases. The ratio in reverse is about the same as.low
gear, or even lower.’ , _ '" o o o
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We have discussed the combinations in the ordmary, three speed trans-
mission. They can be put together in varlous ways to make the complete
transmission. Some of the first transmissions used to shde the gears
back and forth on the shafts to get them into mesh and out of mesh This

- was done by using a sphned or grooved shaft In thlS manner, a gear is
fastened to the shaft as far as revolvmg is concerned but it can shde '
along the revolving shaft to different locations.

i . ‘ .
s e Aeh v Sominra s e s AL Y ek o sl A et bt
0 PSS 0 " y

T e
g J




N g

YORRER
| Gy

Ealnkd devv\.
s

‘{Fﬂm Tl R AT TR ,m:,‘.
1

- = ——— —— i, T e SRR m Wm,, & R mmec G e e e AT e o

AM 2-2

SECTION C -- CONSTANT MESH TRANSMISSION

The most commonly used transmission now is the constant mesh trans-
mission. Some of the gears still slide, but some are constantly in mesh
with each other and rotate all the time. The gears in a constant mesh
transmission do not necessarily drive the shaft; they are free to rotate
on it until they are connected to it by a clutch.

The clutch just mentioned is not a friction
clutch, but is a positive clutch, more like

a gear having teeth that fit into similar
teeth on the gear; see Figure 15. It is
called a clutch because its only job is to
connect or disconnect the gear and the shaft.

G

To eliminate the usual transmission noise . L '
Fig. 15 Positive clutch.

developed in the old type spur-tooth gears

used in the sliding gear transmission, the.

manufacturers developed the constant mesh transmission, which contains
helical gears. In this type of transmission certain countershaft gears are
constantly in mesh with the main shaft gears. The main shaft meshing
gears are arranged so that they cannot move endwise. They are supported
by roller bearings so that they can rotate independently of the main shaft.

| In operation, when the shift lever is moved, it moves the shifter fork which

in turn moves the clutch gear. This movement engages the external teeth

~ of the clutch gear, with the internal teeth locking the two halves together

and they turn as one. The clutch gear is splined to the main shaft, and '
therefore, the main shaft rotates with the clutch gear; see Figure 16.

Constant-mesh gears are seldom used for all speeds. Common practice is
to use such gears for the higher gears, with sliding gears for first and
reverse speeds or for reverse only.
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Fig. 16 Disassembled main shaft assembly.
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SECTION D -- FOUR-SPEED TRUCK TRANSMISSION
POWER FLOW

i The gear shift lever positions shown in Figure 17 are typical of most four-
speed truck transmissions. The gear shift lever, shown at (A), (B), (C),
(D), and (E) in Figure 17 changes the position of the two shifting forks,
which slide on separate shafts secured to the transmission case cover.

~Follow the separate diagrams to learn what takes place in shifting from
one .speed to another. For example, as you move the top of the gear shift
lever toward the forward left position, the lower arm of the lever moves
in the opposite direction to shift the gears. The fulcrum of this lever is
in the trangmission cover. ‘

DL AN 0 il B

TN e 40 A,

In shifting transmission gears it is necessary to use the clutch to dis-
engage the engine. Improper use of the clutch will cause the gears to .
clash, and may damage them by breaking the gear teeth. A broken tooth

N
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Fig. 17 Power flow through a four-speed transmission.

i or piece of metal can wedge itself between two moving gears and ruin the
entire transmission assembly.

When you shift from NEUTRAL to FIRST or LOW speed (see Figure 17 (a) ),
the smallest countershaft gear engages with the largest sliding gear.
LOW gear moves the truck at its lowest speed and maximum power. An

;"; arrow indicates the flow of power from the clutch shaft to the propeller
. shaft.
i > The SECOND speed position is obtained by moving the gear shift lever

straight back from the LOW speed position. As mentioned before, you
B will use the clutch when shifting gears. In Figure 17 (b), the next to the
4 smallest countershaft gear is in mesh with the second largest gear. The
: largest sliding gear (shift gear) has been disengaged. The flow of power
has been changed as shown by the arrow. The power transmitted to the
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wheels in SECOND gear (second speed) is less, but the truck will move at
a greater speed than it will in LOW gear, if the engine speed is kept the
same.

In shifting from the SECOND speed to the THIRD speed position, you
move the gear shift through the neutral position. This is done in all
selective gear transmissions. From the NEUTRAL position the driver
can select the speed position required to get the power he needs. In
Figure 17 (c) notice that the gear shift lever is in contact with the other

shifting fork, and that the forward slide gear has been meshed with the
second countershaft gear. The power flow through the transmission has
again been changed, as indicated by the arrow, and the truck will move
at an intermediate speed, between SECOND and HIGH.

FOURTH or HIGH speed position is obtained by moving the top of the shiit
lever back and to the right from the NEUTRAL position. In the HIGH
speed position, the forward shift or sliding gear is engaged with the
constant speed gear as shown in Figure 17 (d). The clutch shaft and the
transmission shaft are now locked together and the power flow is in a
straight line. In HIGH, the truck propeller shaft revolves at the same
speed as the engine crankshaft, or at a 1 to 1 ratio.

You shift to REVERSE (see Figure 17 (e) (f) ) by moving the top of the gear
shift lever to the far right and then to the rear. Most trucks have a

trigger (intemlock) arrangement at the gear shift ball to unlock the lever

so that it can be moved from neutral to the far right. There will be some
variation from different makes of trucks, from the position of REVERSE
and the type of interlock. The lock prevents unintentional shifts to reverse.
Never attempt to shift into reverse until the forward motion of the vehicle

has been completely stopped.
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An idler gear is used to reverse direction in a gear train. Notice how the
idler gear fits into the transmission gear train. An additional shifting
fork is contacted by the shift lever in the far right position. When the
shift to reverse is completed, this fork moves the idling gear into mesh
witn the small countershaft gear and the large sliding gear at the same
time. The small arrows in the inset show how the engine power flows
through the transmission to move the propeller shaft and the wheels in the
reverse direction.

The different combination of gears in the transmission case makes it

“possible to change the vehicle speed while the engine speed remains the

same. It is all a matter of gear ratios. Large gears drive small gears,
and small gears drive large gears.

In the truck transmission just described, the gear reduction in LOW géar
is about 7 to 1 from the engine to the propeller shaft. In HIGH gear the
ratio is 1 to 1, and the propeller shaft turns at the same speed as the

‘engine. The SECOND and THIRD speed positions provide intermediate
‘gear reductions between LOW and HIGH. The gear reduction, or gear

ratio, inREVERSE. is about the same as in LOW gear, and the propeller
shaft makes one revolution for every seven of the engine.

In all our discussion and figures so far in this unit we have not taken
friction into account at all. Friction is a variable factor and is hard to
pin down. Bearings and lubrication are a very important subject, but too
large to include in this unit. So, in most of the examples we show, we

'will assume that the mechanism has the proper bearings and is well

v’

lubricated.

N -
‘o

In transmission systems, we use a number of anti-friction bearings.
They are ball bearings, roller bearings and needle bearings. They have
allowed us to do things which without them would have been difficult and
complicated, if not impossible otherwise. Anti-friction bearings con-

tribute to the efficiency and high speeds at which shafts and gears now run.
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SECTION E -- TRANSMISSION TROUBLESHOOTING

As a first step in transmission service, diagnosis of the trouble should
be made to pinpoint the malfunction (trouble) in the unit. It is nct always
possible to determine the exact location of the trouble and the unit must
be removed from the vehicle so it can be disassembled and inspected.
Many times, an operator will report transmission noise, when in fact, the
noise may be coming from some other component of the vehicle. .

A T R e

Noises that appear to come from the transmission but actually originate
at some other point are many and varied. For example, an unbalanced
propeller shaft, defective wheel bearings, or damaged tires may cause
noises which are transmitted to the transmission. These noises have no
particular or characteristic sounds that would indicate their origin; they §
are therefore difficult to identify. 4

Torsional vibration is one of the most frequent causes of noises that
appear to be in the transmission, but actually originate outside of it.
Included among these possible outside torsional vibrations are:

ek

Propeller shaft (drive shaft) out of balance
Worn universal joints

Drive shaft center bearings loose or worn

Worn ar pitted teeth on axle pinion and ring gear
Wheels. out of baiance

Worn spring pivot bearings

Loose frame or axle U-bolts

Engine cooling fan out of balance

Engine crankshaft, flywheel, and/or clutch
out of balance

Tires or wheels mismatched and wobbly.

O O 0 N U1 b W N

2K SN ak e
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This list, along with other troubles that you have encountered in your own
experience, can be used in a step-by-step guide in transmission trouble-
shooting. Make sure that all possibility of outside noise has been
eliminated before the transmission is removed for repair.
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Na, T is the othew WY RFORP # trenmhipsion affows
high engipe Apsed with slgwrenr wheel tupping, For-
instance; in law gesk,- the patio ig:the: gymggt. there -

ta wheels, This means the crankahatt is tuening. 12
timeg to ey onp nevqmmn q{ the-3 mp xle.

Press A - ‘57

No. Yoy are incepyect, Tavaue i§ meaguved in poynds
feet, and it ingpagess in a-trangmission as doiny
shifting Sakes placr, Remembwp:that in gear sypiems, .

speed requgpn mg;ng uggue inczease.

Press A 7"

Ay e 3 33; Luptio (e groater) differantial fpom engine

SR {1V,

. This film lesson je m;gned to supplement toxt
AM 2-2, Mpckanical Transmisslons, by reviewing
the {mportant polnts of the text. Theré will be somg
questions in this’ ﬂlm on the subject of meehgnieal
transmisﬂons Read ¢arefylly and, 'hlnk be(ou .
yswering.

No, We haven't discussed automiatic pr gemis
anjomatietransmiissions-yet, With a.mechapical -
transmissjen there-is bound to bg'a lof of
shifting-by the aperstor, for this.is unavoidable.
Try this: swﬁs;ioa peadn,

Press A4 2

Right, ot anly does the gear ratio chinge when doum: -
shifting a trangmigsion, but the topaus alsa changes.
Torque-is measyped in__ (1) and_ 2) __ whep

there js.3 speed ;cdpmqn (ehopse cne o; tl]g
following A. B or C):

1(3)41?9&@%593

Ca fpptrim:remen.ts :

7 B, (lipognd-fees {2)iicreases

£ €. (1) fogt-pounds - 12) ingreases
e

Q.K; ?L?}’S:tmabog&measq? :

Torque 91 shajts or apare is measured 25 3 Firaight=

line forge at 4 digtance fram the eenter of the shaft

of gear; For ingtance,-Suppese we wani-to easyre
the torque in the gears.shown in Plate I . And suppose,

with some type. of & meaguring. inshrament; e !mnd

that the teoth of the driving gear-(see BlateM1) fs

nushing agajnst:the-tonth of the driven-gear with

2 25 poynd fopee,

Press A 4.
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This force, at a distance of one foot (the radius or
distance from the center of the driving gear), means
a torque of 25.1b, ft. That is, the smaller, driving,
gear is delivering a torque of 25 1b. ft.

The 25 pound push from the gear teeth of the smaller
gear is applied to the gear teeth of the larger gear,

* But it is applied at a distance of two feet from the
center. Look at Plate If, We can see that the drive
gear has 24 teeth. and the driving gear has 12, This
vlvoulfctl make the torque on the larger gear shaft

b, ft.

g

/oF¢.

12.5
25

50

e £y g popa—— PrEEEYEE -

No. You are incorrect. The torque in
the larger gear is 50 Ib, ft. (25 x 2). The
same force is acting on the teeth of the

larger gear, but it is acting at twice the
distance {from the shaft center.

Press A [ ©
1-10

That is correct. The gear ratio in this case is 2:1, but ( (®)
the torque ratio if 1:2, The larger gear turns at half

the speed of the smaller gear; but the larger gear has

twice the torque, .

If a 12 tooth gear is meshed with a 36 tooth gear, the

(1) tooth gear wili turn (2)  time(s) to every

(3) time(s) the (4) tooth gear turns.

No. The 12 tooth gear turns 3 times to every 1 time
the 36 tooth gear turns, or a 3:1 ratio. Of course,

if the smaller gear is the driving gear, the torque "
ratio is 1:3. (3 times as much on the larger gear
as on the smail, )

Pl )3 @1 3 1 (4) 12 )
1B w1z (23 (3) 3 (4) 36 ‘ Press A [ 2— ' .
f 2- C. Neither A or B is correct. ; 1-12
: 1-11 t
: !
; B
R Lo : —
- . r - PSSR I
Z2 - i
Correct. - No. You are incorrect., We have a 16:1 gear reduction,

Suppose we had an engine in a vehicle delivering 500 1b,
of torque. The gear reduction (in low gear)_from engine
to rear wheels is 16:1. The torque on ea_cll rear wheel
(each wheel is 4 ft. in diameter) of a four wheel bogie
(ignoring friction losses) would be pounds of
torque,

/% A. 8000

/3 B. 16000

/ l-/ C. 4000

with a 500 1b, {orque from the engine. 500 x 16 = 8000,

- .
’

However, the wheels (4) are four feet in diameter (or _
two feet from axle to ground). This-would be .-

2 x 8000, or 16000 1b; of torque being applied to the
bogie. ~ - . .o T

Since there are 4 wheels, each wheel has a forward push
or torque of 4000 1b,

Press A /?(

Correct. With this ratio (16:1) there would be a 4000 Ib.
forward push or torque for each wheel of the four wheel

bogie.

GEARING PRINCIPLES -~ To understand how and why
transmissions function, it is necessary to understand
gears and what they can be made to do. Let's review
sonie of the basic principles we learned about gearing
from previous units or films, -when engine gear-trains
were discussed.

Press A /b
xXe 75

You have missed one or more of the questions in.this
sequence of material. Let's review thelast few
frames before going on to new material, Please
read carefully, and think before answering the
questions,

Press A :
= 2-2
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Gears can do three things: (1) change the direction of
metien; (2) increase or dpcnerse the speed of the

apolied matlon; and ($Fmagnify of reduce the forge

which ia applied, )

Qne other charasiarigtic of geaping 15 that'no slippage
is pessible, a5 it §5.in belt dpiven arrangements, To
gee all of these ciaracteristics, let's exgminea
simple mpchifie Jike the eggheater; sep Plate AL

Press A 17 2-3

FILM no, 1)‘1‘9/51«

-y LA 2 Aot i Lo TV, YWY v

In Plate I, the crank handle {5 turned ip the direction
indicated by the arrow: clockwise, when looking from
the right. There are 32 {eeth on gear (A) that mesh
with 8 teeth on gear (B)

This arrangement will

I€ a, degrease the speed of the applied motion
change direction of motion
magnify the force which is applied

Mo Lha i At 4.0 of o

L7

Na. 70“ ave incarrect: Lookat Blate M-again, The
crank handle is an 3 horjzostal-plape, and the shaft
cannected to the 8 tooth gear I8 on 3-vertical-plane.

Think what hag been accomplished here-ang try
this queatian again,

Press A IR 2-5

Correct. The handle lies on 2 horizgntal plane, and the
8 gear tooth ghaft js vertieal, What has been accomplished
here ig a change in the direction of motion from (A} to (B).

In this gear arrangement, (see Plate HI), for every
compleie revolution that (A) makes, (B) makes four,
and since (C) has the same number ofiteeth ag (B), {C)
also revolves four times,

! - This arrangemen w'ill

]
! 2 C., Neither Aor B is correct

magnijfy the force applied
reduce the speed of the agplied mation

20 a,

0
20 B, p

Laan g ML ALs Sty O 4

‘No, You are ingoryect; Think'of the-engine flywheel
and the stapter gear, This is'the gama situation; .
except that theforee ig-applied-from’the small-gear
until the engine flywheel maves faptgp thap the smail
gear: thep the {oree i& being gpplied from the {lywheel,

Try this question pgain,

2-7

Press A |9

No, The answer is: mare forer hag to be'applied to
(A) singé the mechanical advantage is less than one,
Remember, an increase in spe¥d (as is type here)
is accomplished at the expepse of forge,

Presgs A 2 ﬁ

]'mr'r'rl i gihed

»%7’-/

Mk LAt aas A2 Aa—aa B 2ansatin bnd ghen Miear SLAuAnE At

5 Correct. This is not a magnification of force, nor a
drop in the speed of applied motion, Jt is an increa_Se
in gpeed of applied motion, Gears (B) angd (€) turn
four times as fast as gear (A), since:there !8 a 14
ratio,

This means that force has heen applied-to (A)
for the mechanjcal advantage involved here.
3 e A, less
Z 3 B, more

2-8

b
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Correct, The beater is the same as 3 third class lgyer,
where in order to speed up the movement of an ahjeet,
a larger amount of effort is required.

Changing direction with gears ~» Let's review how
reversing of g vehicle is accompljshed hropgh the
transmission, We know it must be done by the
transmission, since it's impossible t{o veverse rotation
of the crankshaft, ‘

Plate IV ghows a very simple mechanical transn)ission
e ppdns—p—p—
in the reverse position. Let's examine jt.

; Press A W
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We learned when studying engine gear trains that to get
two external gears to turn in the same direction, it is
necessary tu insert a third gear, called an idler,
between them. Plate IV shows this type of an arrangement.
In addition to providing a reverse for the vehicle, it
torque which is required in reverse position.

Z{A. increases
25 B. reduces

Zg C. Neither A or B is correct 2-11

25

No. You are incorrect. The idler gear does not

affect the ratio between the countershaft reverse gear

and the low and reverse gear. It only provides a link
between the two, and enables the gears to turn in the .

] same direction.

~2-12

Press A Z—b

I
C Y }‘V by > P ek St L0

26

Correct. The idler gear neither reduces nor increases
torque in this situation. It is only @ means of trans-
mitting the action from the lower gear to the upper

one.

The torque increase is gained in this pbsition, see
Plate IV, by the fact that the transmission drive gear is
smaller than the countershaft drive gear'. This is a
____statement,

27T A. true

z7 B. false

2@ C. partially true

27

No. Partially true is the correct answer. The torgue
is multiplied by the fact that the ¢lutch-shaft gear is
smaller than the countershaft drive gear, but it is also-
multiplied (again) because the countershaft reverse
gear is smaller than the low and reverse gear.

Press A Z{

"’Z—T';‘ - 3

L. —

Correct. Tourque is multiplied twice in this 1llustration,
Reverse gear in a transmission of this type usually 1s
a torque ratio of 9:1 (approximate).

Changing speed with gears -- as we have seen with the
egg-beater. gears can be used to change speeds. Let's
look at another example where gears are utilized in a
little different manner but where the same principle

is involved. )

2-15

Press A 2 9'

In any watch or clock, the mainspring (source of power)
slowly unwinds and cauces the hour ‘hand to make one
revolution in 12 hours. .Through.a series-or trainzof.

gears, the minute hand makes one reyolution each | -
hour. while the second hand makes-one each minute.

In Plate V, wheel(A) is the driver which has 10 teeth

that mesh with wheel (B) having 40 teeth. How many

times does wheel (A) have to rotate for wheel (B) to make
one revolution? H

. 2-16
:50 A. 10 times
/| B 4 times
30 C. 40times

20

No. Remember when the ratio is 1:4 (as in this case
10 teeth to 40 teeth), the small gear makes four
revolutions as the large gear makes one,

The torque on the large gear shaft would be greater
than the small gear. This is a statement.

Z/A. true

- B. false

To advance the film, you must select the correct answer.

2-17

Correct. This would be a 1:4 ratio between gears.

Wheel (C) is rigidly fixed on the same shaft with {B).
Thus (C) makes the same number of .revolutions as

(B). However, (C) has 20 teeth and meshes with_ '
wheel (D) which has only 10 teeth. Hence, wheel (D)
turns twice as fast as wheel (C), . o . .

Make sure you picture this in your mind before moving
to the next frame.

2-18

Press B 3 2

~»ar

<hy

¢/

ARt 1 10 b

t'\y‘

- Py N A
o P i) R S s~ O o oy

"




. 23D o
DIOAGTOR . PAGEnos” FliMme R

22 33
I gear (A) ig tyoning 38 » speed of four sevolutions per
gecond, wa know that gapr (B) will make one

o OO .. o o

revolution every sacond, No. Look at Plate V closely, Gear (B) is making pne
. revolution. Also remember-that gear (C) is aftached
e However, what abegt gears (C) and (D)? Gear (C) will to gear (B), However, gear (C) hag twige the teeth
make: (1) revalutjon(s) per second, while gear that gear (D) has.
. (D) makes (2) reyolytions per second,
-': o Try this question again,
: gé A, (}ope (2) four -
B, (1)two © (2) four ' 2r20
< 3‘} C, (1) ane (2) two 2,19 Press A 3 - C
7 - : ‘
i - a " WWW:"‘Ii”'ﬂvwrrr?zvnr; -y " v oo e " i oyrey R
r EOIAS Ml it M T L ad L2 St 1 1 Eda it { B 2 C Rt q p—— > T ™ YWY Lol .,.},,ww

24 aa
Any gear speed-reduction prablem, such gs the ane .

Carreet, €) ig attached t B), whichi
Fe Gegs (C) Ip altached OSW( b which ig just discussed, can be solved by using this farmula:

33 (L

making ene revolption per second, However, geqr ' T
) (C) has 20 teeth while gear (D) has 10, mpking a S, = §; x 1 where
A — 1:2 ratio, So, if gear (C) jg turning once every Ty
second, then (D} is tugnipg 2 times. Let's examine : ;
P (D 3 | = first shaft {n trajn %
A what's taking place here, Gear (A) ip turning 4 times ] Sl speed of first shaft In tra} . 2
to every 2 times gear (D) is turning, ! Sy = speed of Jast shalt in train :
! { = f teeth on all drivers
: Thus the overall spapd reduction is 2/4 or 1/2, which : Ty = preduct of teeth on all drly z
; 'S , means we get half the S;zm:l oyt of the last gear that : T, = product of teeth on all driven gears f
z : was put into the first gear, 2-21 ; Now let's prove this formula by solving the gear problem E
| e Bress A’ 5 ‘Sv . menticned earlier. 2e22 - 3
{ . i Press A 2 b : 1
j LJ " ¢ b
] ] : I SUNG— 4
Y re Ot is (35 gi a0mniitt 1228 B0 BN arl ladt MARMLAAM MUSALO XS A L LA A AR T A . i T e
’ - DAt ikt Um' I M lat D LRI Togh (S At dd 8L Lt e A Mt i A e L FR A A T ™ iad
i . 26 :
i f Substifuting numbeya for the symbols in the formula Almost apy increase or decrease in speed gap he k-
- - Tl i obtained by chposing the correct gears for the job. K
» Sz = S; * F-" b
d 2 " i
| we have: Look at Plate V again, If we placed an idigp Ee'e“‘_
10x20 _ 800 _ between gear (A) and (B). gear (D) would he rotating B
§2 4% =y F e = 2 )
| = . 40510 400 —
)
. 2 or: 2 revolutiang per seeqnd. . 3 7A. at half the speed it was wjthout the idler
: gear
Copy this.formuia for futyre use, ? g B. in a different direction than before
g (1 2 7C. Neither A or B is correct.
{ : Presg A 3 (0 ' I 2423
X ’ 2-23
bl
:' S~ — - yoww—p - YT =T
'n . a - i ' T
‘}; ‘2 7 Correct, The insertion of idler gears gogs not shange
] the ratio between the gears, only the directjan of retatien,

I I ivivetvo et s N —
: ﬂ L ¥ning PRVRIHIQNG per secong, inid the past, with a reduction in speed, there is a x;omparablﬂ

AL PR > S fiort which is administered is myltiphisd '
train that wouldn't be turning in 3 diffepent direction effort which is administered is myltipHes,
is gear (A),

Let’s look at the simple wingh in Plate VI. The wm
arm is 30 inches long, and the drum pn whigh the salle

i
i
s wound has a 15 ingh radips,
5 Pregs A 3 g i " tn¢ " Bl
i3 2~25
. Press 4 %0
. XC~DYF -
l Q Lt 1 gn faf e cin /. "'.mm"'fl! _’:’”71"{:'_ _: e .:,,-. yor v . ] j -y / ™ T e v""":»' 'TWFW #
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Gear (D) would be turning in a different direction. ) ) _ o
The diameter of the drum in Plate VI would
You have answered one or more of the questions in be the length of the crankarm.

P o N 2 N N
A L AT A i;ﬁ. e S,

this sequence of material incorrectly. Let's review [ ) ) .

this portion once more. Read carefully and take your L{ A. greater than %

' time in answering the questions. 42 B. the same as 3
- [f{' C. less than 3

. 3

- '),.-3 ’

Press A ’ b 3-2 ‘ . :

*;»\;.ua OWIIRTY 2 9N
e ”!" o

1

_'
\k,
\

¢!

Correct. Radius of a circle is from the circle center

No. O 'the drum has a radius of 15", it would have the point to the oGteE perimeter,
same diameter (30") as as shown in the pictureff{}?m
(A) to (B). Diameter of the B
the length of the handle. , circle is froﬂé%t?—(B). g
Radius of a circle refers : ]
to a straight line from the 8 ’fglgeséﬁallw;;:irgﬁ[:n geesz;‘rwhlatﬁ
circle center to the outer the 60 teeth on the Let
i in thi internal spur gear. Let's
perimeter, or in this figure out (approximately) C
' picture from (A) to (B). what the nrechanical "
. : 5 : t f this winc .. 0
: Diameter is f{'om (B) to c ; %%hink of this mechanism as two machines
C). : : . .
(©) ] 34 3 in one. Ny ) -3
- L
Press A L 2. X Press A L{-:’:) T -
$ . ;
yoo- - L . ~ L_ - — —— ;
» - = 3 - * - R - T AP .".‘—' N - -
D e 3 431
First. let's figure what the ggar %nd pir}ion does for us. . ‘ . : . .-
The theoretical mechanical advantage of any arrangemen <. . - . .
of two meshed gears can be found by the following In this situation T ) = 60 and T = 10, or:
formula: T 60 )
MA = -2 MA = o " 6
Ta .
Examine this carefully before moving:on to thie next :
I where: MA = mechanical advantage (theoretical) frame ' ;
. T0 = number of teeth on driven gear, and ,.- %
_; T, = number of teeth on driver gear : ) ’
Z Press A N 37 L
1 Copy this formula, then Press B, 43, / > “ 4 . i e
i - 3- : : . s
- ;
[ |
o U H5 |t
i Suppose we reverse the problem just discussed, and .
: make the driven gear (drum) the driver, and the driver %4
o gear, (10 tooth), the driven gear. The formula would . 1
, look like this: . No. The force required to move the d.rum would i
j _ 10 _ 6 be much greater, due to the mechanical-a'dvantage ‘ o ‘_:
; . 60 being less than one, or .6. Under these : ki
3 ’ . . circumstances, thé winch would be useless as a g :
I j t When MA is . 8 or less, or less than one, machine. -
18 — _ ‘ .
17 45 A. the force required to move the drum would 1 4
o decrease i
‘3 ¢ Press A R
i & é B. the small gear would turn much faster 3-8 ! 4 7 ’ - 39 Pt
; Y 7 C. the winch would be useless ' ; ,
4 L A
- ~ p? P v e o

77 7P
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The small gear wonld turn rauch faster (if the drum
could be turned), but with the mechanical advantage
being lgxg than ane (, 8), tupning of the drum would
be practically. impagsihle. In other words, the
winch woulg br pretty usgless 2s a machine.

Presg A 4*?

PAGE "°;Z, |

FILM ng, $Hr

g Mt a i () aan st e arD M ESE AN & Xy O IRY B TLIAL A S aenY s |

e me e e e
.

PITTRyYY

Al right, With the mechanical agyapiage being
reversed, or , 8 instead of 6, the wingh woold be
useless as 2 machine,

Now, let's logk at the other part of the machina, which i§
a simple wheel-andvaxle arrangement pangisting of the
crank arm and drum. The mechanical advaniage of ]
this can be found by dividing the distanee the effort
moves. To understand how this ig figured, let's
review a little basic geometry abaopt eircles.

3~10 3.11
Press A ‘p‘? .
i ’ .
Bl 12 alant e aclag S 2t e = K CIAAMCIPLI A Lanh 2 4 44 g LI A '__ *
- Yor————T—TT T T T T T v g i mae) G iRy

Dr 2t il 1D MO s dEMd Ll il et SRR DAY
]

“4%

Acirgleisa cum'c;l line an

MR TITE S
stan

called the Y 391!. C}

radius is e gr
Tom the center to Nw outer
edge, The diameter is twice

mf eﬂen
e

The quantity » is a constant approximately equal to
3 1/7, or 3.1416, X you measure the circumferengce of
any circle and divide by the diameter, the angwer will
always be 3. 1416. T

The formula for this js:

Since = is canstant (3. 1418) we can also get the
sircumference by ysing this formyla:

‘3, 14186 x d
2%3, 1416 xr

L}

e < wd

or ¢ = gn;’

L]

Write this fopmyla down befope pressing A,

(If you would like another Jook at the frame before this,

Rress C) sq

3-1%

Na. The correci angwer ist 132 inches,

We said the gpoke is 21 inches: this is the radius,
Use the formyla:

ez onp
¢ =2x81/7%21

2:;;—2-1 x}g‘

22
= = 132 inches
X 3 % }(3 ¢
3n16

IH

e

n

c

Press A 5 Zr

1n

the radiug. “clrcumference ==C "ar 5 = &
is the complete AIptAnge around : d 2y ,
the cirgle, ] '
P: written 7. is a constant used in computing the ! where: ¢ = cfrcumfer ence
circumference of 3 circle. g d = diameter -,
. 3212 r = radius
. . . ; 1,’
Press A & q H *
‘( { Press A &f ’:/. /
‘ > L et P4 Acer R E S %1 Al A e AL ali)
i v 1o i) UL 0 a0 oD T 1 L e A1 00 004 6 AL R O ;)' Ty y——— T
e gy ne W LA ERA 1A SLE £ A are HihiniCid L Ml Y3t A b8 G/ el

Let's take an example of- how the cirgumfgrence of 3
wheel is found if you know the iength of one spoke,

If the spoke of this wheel is 21 inches, ils
circumference is

S/ A 264 inches
K72 B. 132 inches
,5"'/ C. Don't know

ERT

CHRC S s i un 2 1 2 0-dhauat) 3¢ 2t LAliatabaiad N RMLLE & EAE/F L iy

Correct. The length of the gpake ip this wheel reppegents

the radius, From this we can fing the circumferange
by using the formula: ¢ s .

Let's try one more problem, The cipeymferense of 8 .
pulley is 338 inches, Its diameter is . o

Sl‘fA, 10 1/2 inghes
575 B, 12 1/2 inches

5’ 3 C, Don't know

Ty

.
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- Correct. The diameter measures 10 1/2". This answer

No. The correct answer is 10 1/2.

We said the circumference of the pulley is 33 inches,
Use the formula:

‘ e

5

22_ 38

7 d
By cross-multiplying, we get:

22d = 231
, d = 10.5

- Press A 54/

q

3-18

mobtainedbyusingformula 7 'Gc"

Now let's get back to determining the mechanical
advantage of the other part of the winch, Remember;. .- - .}
the other part was a simple wheel-and-axle arrangement .
congisting of the crank arm and drum. The MA of this
is determined by dividing the distance-the effort moves
(2#R) in making one complete revolution by the distance
the cable is drawn up in one revolution of the drum (27r).

- 3-19
Press A & {

g M w

* In other word&,theila.rgegrepresents the crank arm
length (30").and the small r represents the drum's
radius (15"). With this we have a formula:

. MA = 2#R_R _ 30 _
. anr r 15

In a compound machirie such as this, where there are two
machines in one, the total MA is found by multiplying the
separate MA's together, Here we determined an MA of

6 and an MA of 2. Multiplying, we have 8 x 2 or 12, This
represents the overall MA of the winch.

e

. We have determined that the MA of this winch is 12.
' 1ift a load of 700 or 800 pounds. v

" . of effort through gearing. Co e ]

However, since friction is present, the actual rheéhanu;a.l‘ )
advantage may only be 7 or 8. Even so, by applying
a force of 100 pounds on the handle, it is possnble to .~

¢ R Tl o LT~
There may be some questions in your r:-1ind what all tﬁ_ig
has to do with transmissions. The point is: magnification

Press A 57 SR

!‘.w.wy [ 28 70

NN LY S kAT Swdlay o

‘ .,.~.
AR BRI CY Rean

e »
Do T

L

i . 3-20 i
ki . -

-~ , Press A 5 (0 :
1 'l" v " ¢
' Rl LT e oL W NPT PR APPSO R - L _ —

; s7 5 g

, For mstance look at Plate V once agam. We determined o L

! eartier that gear (D) was turnmg half the speed of gear No. The number of revolutions per second-would have .

(A). To deterniine the xpechamcal advantage of this nothing to do with determining the mechanical advantage
gear arrangement, we would first of these gears. The MA is a constant factor, no matter
' ! what the speed is. Try this question'again and think
< . of how we determined the MA of the winch.

, g . find the number of revolutions per second rmit ; )

! each gear is turning .

; 6o B. distinguish the driven gears from the driver ‘ q . . .

' gears el 323

' ) Press A 57 - T

' 5 C. find how many teeth each gear has 3-22 ; . '
-
: é',an A Rk T ——p—7 . . "
! e y s e s s o _ JL»—.- — _

e A et e

—— . ———

P POV

No. THhe number of teeth-each gear has is definitely.
a factor here and is necessary-for figuring the MA,

However, this information is useless if we do not know

which are the driver gears and which are the driven
gears.

Press A éo 3-24

I e Sy S

i | | ‘ | 6/9

£ St g Apratihthegt-regt pr-my oo vavgpeprny

e

Bl L PN )

I ATCaNue SIAN s TR AT TR . m T grve. Ok st NNt ban 4t

Correct. First, we must deternine-whi¢h-of thesé'gears
are the drivers and which are being driven,

For calculating mechanical advantage it is also necessary
to know the number of teeth on each gear. In figuring
MA for the gearing arrangement in Plate V, the

formula would be used.,
T Ry - N

6/ A. § = §; x—L :

. T2 'éZC. MA = ——21‘.R

’ 2nr
63 B, MA:,'_r,O_ L. 3-25 °
T A A LY
a

b b

8

2. \“\:’\‘4 R o MRS I

Fei¥sdanbrs g

e

R
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I of gears when ong is of 3 Jarger diameter than the

PA?E no.q

F’l li M no, ?ﬁ.','/a?

G

1 2mm at

No, Thix forowis is used to detepmine revolutions

e e T

Y TR YT AR EAISD AP b § 1 4 b L
TS

No, This formyla would not fit here, Remember,

this was used to determine the MA for the crank handje
and cable movement on the winch, The fermula tp

use for figuring MA of the gearing in-Plate V is

GEr

. L
- .
- - .
3

meﬂ‘l“ TP T T T P sy es o e " v

OK, The two must he multiplied together, The first
MA was 4, the geeand wag 1/2. Multiplying them
together we get 4 x 3/2 or an qverall MA of 2,

We can gpe now that, with different combipations of gears
in a teangmigsion, it is pessible to change a vehigle's
spegd while the engine gpeed remains the same. Tt is all
& matfer of geap ratins, having large gears drive

gmal} gears and gmal} gears drive large gears.

Bregs A 45

MA = °_
other, The formuls fo use here la MA = 2. T,
. a
?.
3r27
Pregs. Q .
ress. A :5 326 Press A éz
MAON L s s b Ty v 7 - Sl i o iskioa sl
f“ At enbaliri Ay 1iai bt B Ll ) S s e e At at it G or o aem i v 1 T o RO A RS AAMOACRNCA AS A
b3 o
That is @opygct. Driver gear (A) has 10 teeth while : T C
the dt.*iveq_ gear (B) has 40. Applying the formula, we get; No. Using the formula, MA = —2—, we substifute
. T
WA s s :
: ' Ta 10 the number of teeth in gear D for Toﬁbegause D is being
The methanical advantage of 4 is only part of the answer driven, and the number of teeth for gear C which {s the
{n this u;.sin, of gears, "’ggmgmb@er, ;§ the winch we had driver: ‘
twa maek nes ip one, ‘The same is trye here, ‘ Ma = 202 12
On a plege of seivagcn paper, figyre the other MA. Your 2 ‘
anawer for the MA betwegn (C)and (D) gears should be ;
v T "’Ab"‘ﬁ _ 5 Press A bg 3r29
: 3-28 i :
{
i
The correct answer to the last probiem i _l.,g,
Corpect. Now, to get the overall merhanica) advantage
of this awangmanp the twp {igures obtained are You have answered one or more o'{ the questions in
S — this sequence of material incorpectly, Reyiew the Jast
few frames, read them carefully, and take your time
~d A added in answering the questions,
] @7 B. multiplied
_ AE riele .
(The porrect answep mugt he selected before moving 3431 -
to the next frame). Press A 3%
3-30
- - L 'JL"r" 4 LR Lh & L2 (ol Al § 4004 ot £ v R fdilid Raali d =
—ro— v — g ——— T I T T I T WT"V’. _.Wi

In a four-speed truck transmission, such ag shoyn in

Plate VII, when the operator shifts from neutral tp
first gear

69 a.
70 B,

7/ <.

nad Miad i SUSLL] TT

both shafts (countershaft and main shaftiglide
forward

the countershaft drive gear is engaged with
the main drive gear

the smallest countershaft gear is angaged

42
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. 3
3 : » ‘ No. The countershaft drive gear is engaged whenever Y
- No. Yoy are gcorrgut. Both shafts in thui fransmission H the transmission is in gear (except neutral). The - ;3
do not slide; only the top or main shaft slides forward ] answer we want here is that the smallest gear on the - i
and backward, . S countershaft is engaged. g
v - . -t !
3 Try this question again, Think how much torque is Z
3 _ required in low gear, ) ) ?
, . . - 3
. ! . : : Press A ’7/ b-b 3
. T 43 o A . . s 5
’ E . Press A (9%_ . ' %
& - 14
3 % ! ‘ . i
‘ _ ! _ , — — T T T %
u 1 . i i - T ~ *‘7
/1Al o 7E 0
; Correct, To get the most torque from this tranemission No, To get the greatest amount of torque from this
R for low gear position, the smallest gear on the countér- ' 3 transmission, the small drive gegr on‘ipe main-shaft ,f
: shaft has to be engaged with the gear on E meshes with the large drive gear on the countershaft. E:
i the ’maln shaft, This relationship gives us the i This is one multiplication. The second multiplica.tion . ¢ ) ¥
q multiplication that is required. ' of torque is in meshing the low Speed gear of the .- ;7 .
i 3 : , countershaft with the largest gear on the main shaﬁ‘ . g
‘ 72 A, smallest : ! E
i 72.8. medium ] ) ~*ulé .
) 73 C. largest k-5 ot Press A 7.3 TR - 3
; : v
N T .
Voo o s e e e N t g
; ‘ AdEy a1 Lt m e ey ond — . . ———— T - o s~ -~ oo e "w—-,—_—-—-‘wwwu*v»-‘-;--‘v - ‘n.:: ,.
| ] 73 7
N i Correct, By meshing the low speed gear with the . ' ) ;
i largest gear on the mzin shaft, we get one . { _
. maltiplication of torque, The other multiplication ‘ R C A P 14
: comes from, meshmg the main drive gear with the _ No. The two driving gears ate the small ongs, the i
N ; countershaft drive gear, S i main drive gear and the countershaft low speed.gear.
: T J The large ones are being driven, .
: In the low position, the_(1) _gears are being driven : are ! . .
2 by the _ (2) gears, : e :
g | SR |
3 A, (1) large {2) small 2 Press A 7_,;—— . . - cvlgt. ]
i} ! 7 ‘% B. (1) small (2) large ‘ R I - LDV
i : 47 ; 4-8
it !
‘ i ¢ e . P e a e s )
. e —— ~ A oy EEOEEEE R T an
! : ? O . 3} i i 1 - T IR e w e S AT P A o e KA Q‘M"J#‘*1 >
i 75 || 76 |
i : Constant niésh transmissions différ from the standdrd '
' \ Correct, The large gears are being driven. When ‘ transmission (j tnd's ed) in tha E T ;
I8 this transmission (Plate vm) i8 in low gear, there is a Fansmission ust c'uss . T ., ;
s Tto 1 ratio. This means the engine shaft is turning : g
5 7 times to every 1 the propeller ghaft is turning. This 7 7 A. herringbone gears are used {ni place of I3
i is when maximum power can be obtained, In high gear i sSpur gears T A HE
; of 4th gear, the ratio is 1to 1 or the engine shaft is | 77 B. some of the mafn shaff:gears are‘in '+ /.4~ g f
; turning at the same speed as the propeller shaft. l constant mesh with the countershalt gears.. . ;
g The gear ratio in second is 3,48 to 1, and in third is . 72 C. all gears on the main: ghaft-are in constant’- f
g ‘ 1.71t0 1, Ris mesh with the countershaft gears 5 :
: 4-9 ; oL 4e10 . 7]
., * H _"; e r‘a RcTANR | ! -
¥ i S + ; 5‘
;! ! Press A 7 b f J? i -
H v H i .3?
% R LY (X ATV Ry S ‘..— AL, Ay Vs i - . . l - S — -~ e ,
iy - —— — ; — J
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No. Helical gezrs are usad in place of imr gears
for reduced noise,

The correct answer is that gome of the gears on the
main shalt are in constant mesh with the gearson <. |
the countershaft, '

e
vt
'l-f‘"

L

Press A 7 9 ' 431 ’

————ry
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Correct, The constant meah of thase countarghait
gears and main shaft gesrs s dane by

o

- - -

ﬁ Qa, ulin’ external and {nternal tagth type
bearings '

£ 2 B.. mounting the main shaft gears on roller
basrings

{4 mounting (he counteralal geang on faller E |

brl3

No. The main shaft gears (constant meah) are the
ones mounted on roller bearings, The gayrs an
the counter shaft age aplined to the shaft,

- No. Soma transmisaions have more gears in constant
~yegh than other-tranamissions; -put never do they. - ~- - e

‘fﬂn'n A 7 ?

LA
3 .

have al} geays in constant mesh, espacially the
revarss gearsi

Y-12

i sasia can s aa e

—

No, It jg true that Shaug type genra are used in
conatant mash type tronamissions, byt this would.
not sllew the ganrs (o be {n constant meah during

Sy

oparation,

The corract arawsr iv that the malighalt gears
{constant mesh) are maynted on rollep bearings
which allow them tp revalye aboyt the shaft,

Press A 52;-

b.14

52

. Plate VI show gpeed transmission
3?523 ‘QW’??“ ;;:1::::&' mesh, This
tranamigaipn has two synchronizing cluteh assenblies,
The synchyeniging devices parmit gears to be selected
withous gisatiing, by synchvanizing the speads of the
muting pasts before they mesh,

Press A gy;

Press A 8 z-v
4al8
M0 tdias 4 Luad i v Lok cd b uniine tdacs 10 IO Liad ) "“m Ukl sl iy 2 el ‘lﬂ""' T
a0 s ikt i e e ol i s ey i e s s B (uediie s

g3

Congratulations, you have completed th&_g i
film AM 2-2D on Mechanical Trangmiasions, '

Press REWIND

XC -&Y

e bt o - it ans o s m

You have migsed pne op more of the questions inthis
1nst sequeneq of material, Review this last part again.
Read carefully and take your fime in answeping the
questions,

Press A 47 9’
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AM 2-2
Title of Unit: MECHANICAL TRANSMISSIONS 3/1/6T
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: FIRST: Be sure all questions have been answered that students might
o have on home study units or Didactor films.

J OBJECTIVES:
1. To introduce to the students the simplest of transmissions:
j the mechanical or manually operated type.
2. To show why and how the various speed ratios are obtained,
1 by discussing types and arrangements of gears.

g onds -

L 3. Make the student aware of some troubleshooting tips he
can use when working with transmissions.

LEARNING AIDS suggested:

iy VU-CELLS:

i

H AM 2-2 (1) Spur gear

i J Helical gear

: ‘ Spur bevel gear
~ AM 2-2 (2) Spiral bevel gear

Herringbone gear
AM 2-2 (3) Pitch diameter
AM 2-2 (4) Internal gear

AM 2-2 (5) First or low gear
Second or intermediate gear
Third or high gear

- Reverse gear

S A
D
e

il i A ixd
ST

AM 2-2 (6) Power flow through a four-speed transmission

MODELS:

j Any components of a mechanical transmission that can easily
be brought to class will help in explaining and demonstrating
the subject.

QUESTIONS FOR DISCUSSION AND GROUP PARTICIPATION:

- 1. What function does the transmission serve?

‘ 2.  When would a great amount of ratio differential be required on some
LJ vehicles and not so much on others?




oy KALUNTR ooy, EEESSE - qompvom, IR0

oo
AT,

S N - ’,:‘;‘“i‘ am L7

11 o FATTYAY ! PWISNCRN o

.
Vo L N
T ] " R L INIY

SN oo [t

» TR, I 3 <-n«

Meeh, 1I¥ e
P onalisbidere

P Qs ey TN BN Wmrnpmarurd WEVHRS 3

Instructor's Guide AM 2-2

Page Two 3/1/6%

3. Where is the transmission located?

4. How does a helical gear differ from a Spur gear?

5. What is meant by pitch diameter and pitch circle?

6. Ina gear arrangement having a small gear with 12 teeth and a large
gear having 24 teeth, how many times does the small gear turn when
the large gear makes one revolution?

7. Inthe situation (question 6 above), how does this affect torque?

8. In what gear is there a one-to-one ratio?

9. Can any combination of gears actually change engine power? Why
or why not? How is power to the drive wheels controlled or changed?

10. Where are idler gears used other than in a transmission? What is
their purpose? Do they change speed or torque ?
11. What is meant by a constant mesh transmission ?
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